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(57) Abstract 

Disclosed is a class of bis(phenolic-amine)quinone compounds which are useful as stabilizers for polyolefins. The 
bis(phenolic.amine)quinone compounds inhibit oxidative degradation of polyolefins which is attributable to heat and/or ultrav- 
lolet light and is promoted or accelerated by metals, e.g., copper, in contact with the polyolefin. The compounds also exhibit ex- 
cellent thermal stability. 
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NOVEL BIS(PHENOLIC-AMINE)QUINONE COMPOUNDS 
AND POLYOLEFIN C OMPOSITIONS STABILIZED THEPTiTOTTH 

This invention pertains to certain novel 
5 bis(phenolio-amine)guinone compoiinds which are^seful as 
metal deactivators and antioxidants in polyolefins. 
This invention also pertains to polyolefin compositions 
containing one or more of the bis(phenolic-amine)quinone 
compounds. 

10 Poly-oe-olefins require the presence therein of 

stabilizers to prevent or retard oxidative, thermal 
and/or ultraviolet light deterioration. The most common 
of such poly-a-olefins are low, medium and high density 
polymers derived from ethylene, propylene, mixtures 

15 thereof and copolymers of ethylene and minor amounts of 
higher oe-olefins such as 1-butene, 1-hexene, 1-octene, 
l-dodecene, etc. Stabilizers typically present in such 
poly-o-olefins include a phenolic antioxidant such as 
2 , 2-bis [ [ 3- [ 3 , 5-bis ( 2-methyl-2-propy 1 ) -4-hydroxypheny 1 ]- 

2 0 1-oxopr opoxy ] methyl ] ~1 , 3-pr opanediy 1 3 , 5-bis ( 1 , 1-di- 
methylethyl ) — 4— hydroxybenzenepropanoate [ Irganox 
(trademark) 1010 stabilizer] or 2,6-bis(l-methylhepta- 
decyl)-p-cresol, phosphites such as trihydrocarbyl 
phosphites including cyclic phosphites and sulfides such 

25 as thiodipropionate esters such as dilauryl thiodi- 
propionate. 

When poly-a-olefin compositions are used as 
coatings for metals, e.g., as wire coating compositions, 
the compositions also contain a metal deactivator to 

30 inhibit polymer degradation which is promoted or 

accelerated by the metal. For example, polyolefin 
compositions used to coat copper wire typically contain 
a copper deactivator such as N,N'-dibenzaloxalyldi- 
hydrazide. For some wire coating applications, it is 

35 necessary that the metal deactivator resist leaching 
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from the polyblef in when it is in contact with such 
materials as petrolatum used as a filler in electrical 
cables. However, most commercial phenolic antioxidants 
such as Irganox 1010 are readily leached from the 
5 polyolefin coating by petrolatum. 

One embodiment of the present invention pertains to 
a class of novel bis (phenolic— amine) quinone compounds 
which fimction as both phenolic antioxidants and metal 
deactivators when incorporated into poly— a-olef ins 
10 intended for use in coating metal aorticles, particularly 
copper wire. These novel compounds have the general 
formula: 



15 
20 
25 



35 
40 



II II 



9 

-NH-X-NHCCHjCHg— ^ ^.-OH 



(I) 

^ 2 



wherein 

X is alkylene or cycloalkylene; and 
Y is a tertiary hydrocarbyl group having 
30 the formula 



wherein Z is alkyl or aryl. 
The alkylene groups which X may represent contain up to 

45 cdDOut 12 carbon. The cycloalkylene groups represented 
by X may contain from 4 to 7 ring carbon atoms. X 
prefercddly is alkylene of 2 to 8 carbon atoms. Examples 
of the alkyl groups represented by Z include alkyl 
containing up to about 8 caurbon such as methyl, ethyl, 

50 propyl, 2-propyl, butyl, 2-butyl, 2-methyl-2-propyl, 

pentyl, 2-pentyl, hexyl, 2-«thyl-hexyl, 2,4,4— trimethy 1— 
2— pentyl. The alkyl groups preferably contain up to 4 



carbon atoms. The aryl group represented by Z may be 
unsiibstituted phenyl or phenyl substituted with 1 or 2 
groups selected from lower, i.e., containing up to about 
4 carbon atoms, allcyl, lower alkoxy or halogen, e.g., 
chlorine or bromine. Z most preferably is methyl, i.e., 
the hydrocarbyl group represented by Y is 2-methyl-2- 
propyl (tertiary butyl) . 

A second embodiment of the invention pertains to a 
polyolefin composition comprising an intimate mixture of 

(i) a normally-solid polymer of ethylene, propylene, a 
mixture of ethylene and propylene or polymers of 
ethylene and an o-olefin having 4 to 12 carbon atoms and 

(ii) 1 or more compounds of formula (I) above. The 
concentration of the compound of formula (I) which will 
effectively inhibit polymer degradation can vary 
considerably depending on the particular polymer being 
stabilized and the end use for which the stabilized 
polymeric material is designed. Generally, concentra- 
tions in the range of 0.05 to 5.0 weight percent may be 
used with concentrations of about 0.1 to 1.0 being most 
common. The stabilizers provided by this invention may 
be used in combination with other conventional 
stabilizers such as polyvalent salts of organic acids, 
thioethers, phosphites and ultraviolet light 
stabilizers. In addition, other additives, such as 
plasticizers, lubricants, emulsifiers, antistatic 
agents, flame retardant agents, pigments and fillers, 
commonly used in formulating commercial polymeric 
compositions may be present. 

The novel stabilizer compounds provided by the 
present invention may be prepared in accordance with 
conventional synthesis procedures by reacting a 
phenolic^amide-amine having the structure: 



1 
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HO— ^ ^.-CH2CH2?NH-X-NH2 (H) 

with para-benzoguinone at elevated temperatures in the 
presence of an inert solvent such as an alkanol. The 
intermediates of formula (II) may be prepared from alkyl 
15 3— arylpropionate esters and various diamines. 

The preparation and use of the stabilizers of the 
invention cure further illustrated by the following 
examples. 

20 EXAMPLE 1 

A solution of N-(2-aminoethyl)-3-[3,5-bis(2-methyl- 
2-propyl)— 4-hydroxyphenyl]propionamide (0.0875 mol) in 
ethanol (100 mL) at 50 is added slowly over a period 
of 30 minutes p-benzoquinone (0.132 mol) in ethanol (120 

25 mL) • The mixture is heated to and maintained at reflux 
temperature for 6 hours. The mixture then is cooled to 
room temperature and the product is collected by 
filtration, washed with acetone and dried. The product 
is obtained in a yield of 60% and has a melting point of 

30 262— 265**C and the stinicture: 



9 

35 /s 

n II 



40 



^ ^ 



,C(CH3)3 



-NHCH2eH2NHCCH2CH2— ^— OH 



^C(CH3)3 J 2 



45 EXAMPLE 2 

A solution of N-(6-aminohexyl)— 3-[3,5-bis(2-methyl— 
2— propyl)— 4-hydroxyphenyl]propionamide (0.0875 mol) in 
ethanol (100 mL) at 50**C is added slowly over a period 
of 30 minutes p— benzoquinone (0.132 mol) in ethemol (120 

50 iDL) . The mixture is heated to and maintained at reflux 
temperatxire for 6 hours. The mixture then is cooled to 
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15 



room temperature and the product is collected by 
filtration, washed with acetone and dried. The product 
is obtained in a yield of 60% and has a melting point of 
8 0-110 *C and the structure: 



9 



10 \_^NH-(CH2) 6-Nh8cH2CH2-<*"* 



.C(CH3)3 



;^.-0H 



■C(CH3)3 J 3 

The polyolefin compositions provided by the present 

20 invention may be prepared by incorporating one or more 

of the bis(phenolio-amine)c[uinones described hereinabove 
into poly-o-olefin polymers by conventional blending 
techniques. For example, the bis (phenolic-amine) quinone 
compounds may be added directly to a melt of the poly— 

25 olefin on a roll mill to distribute the bis (phenolic- 

amine)quinone compound uniformly throughout the polymer. 
Alternatively, the compounds may be dry— blended with a 
finely-divided form of the polyolefin such as pellets 
and then the dry mix can be mixed further in and 

30 extruded from an extruder. 

The novel polyolefin compositions of the invention 
are particularly useful for coating copper materials 
such as copper wires. Thus, a third embodiment of the 
present invention pertains to a coated article 

35 comprising a copper material, especially copper wire, 

bearing a coating of one of the polyolefin compositions 
described herein. 

EXAMPLE 3 AND COMPARATIVE EXAMPLE 1 
40 The bis (phenolic— amine) guinone compound prepared as 

described in Example 1 is evaluated as a stabilizer in 
and for polyethylene according to the following 
procedure. The amounts of materials employed are given 
in parts by weight. The compound of Example 1 (1.2 
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parts) is dry mixed with a sample (600 parts) of 
unstabilized, high density polyethylene [Alathon 
(trademark) 7050, Oxy Chemical]. The mixture then is 
fed to and extruded from a W« Brabender conical, 
5 twin-screw extruder at 200**C over a period of 2 minutes. 
The extruded polyolef in composition is pelletized and 
the pellets are pressed into film 254 microns thick at a 
temperature of 200^0 and a pressure of 68.95 megapascals 
(10,000 pounds per square inch) using a Carver 

10 laboratory press. Film also is prepared from the same 
high density polyethylene which did not contain any 
bis (phenolic-amine ) quinone compound • 

The stability of the film seuaples of the polyolef in 
compositions is determined by Differential Scanning 

15 Calorimetry (DSC) analysis according to the general 

procedure described by Ellerstein, "The Use or Dynamic 
Differential Calorimetry for Ascertaining the Thermal 
Stability of Polymers," Analytical Calorimetry, Eds., 
R.S. Porter and J.F. Johnson, Plenum, New York, 1968, 

20 p. 279 and by Wright^ "Oxidative Stability of Expanded 
Polyethylene for Wire and Cable," J. Cell. Plast., 6, 
317 (1976) . A 3—4 mg sample of each film is placed in 
an aluminum or copper pan without the lid and scanned at 
a rate of 20^C per minute from 40 to 300^C under forced 

25 air at a rate of 15 mL per minute. Degradation of a 
polyolef In composition occurs at the tenqoerature at 
which an oxidative exotherm is observed. The thermal 
oxidative degradation of polyolef ins is essentially a 
controlled burning eind thus produces heat which is 

30 detected by the DSC instrument. A stabilizer which 

increases the temperature at which degradation begins 
increases the overall usefulness of the polyolef in. The 
onset temperature of the oxidative exotherm curve that 
is measured as the degradation temperature of a ssunple 

35 is determined as the intercept of the baseline before 
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degradation starts and the following straight line when 
degradation occurs. 

The temperature at which each polyolef in composi- 
tion degrades, determined as described above, is shown 
5 in Table I. Degradation temperatures are given in 

Table I for the film samples scanned in the aluminum pan 
and the copper pan. It is apparent from the exeunples of 
Table I, including Coxuparative Example 1 (C-.1) , that the 
copper of the copper pan promotes or accelerates the 

10 degradation of the film samples of the polyolefin compo- 
sitions. It also is apparent that the presence of one 
of the bis(phenolic-amine)guinone compounds of the 
present invention in the polyethylene improves the 
stability thereof by raising the temperature at which 

15 the polyolefin composition degrades, as determined in 
both the aluminum (Al) pan and in the copper (Cu) pan. 

TABLE I 



20 Degradation Temper ature. «>c 

C-1 239 220 

25 1 261 260 

The thermal stability of the bis(phenolio-amine)- 
quinone compounds prepared as described in Examples 1 
and 2 is determined by thermogravimetric analysis and 

30 compared with the thermal stability of a known phenolic- 
hydrazide metal deactivator, N,N'-bis[3-t3,5-bis(2- 
methyl-2-propy 1 ) -4-hydroxypheny 1 ] propiony 1 ] hydraz ide 
(MD-1024) . A sample of each compound was placed in a 
thermobalance and heated at a rate of 2Q*C per minute 

35 from 25*C to 600*C. The heating was performed in both 
air and in a nitrogen atmosphere. The weight loss of 
each sample is recorded as a function of temperature. 
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The temperatxires at which the samples have lost 5 
weight percent of their weight are: 
Compound of Example 1: 325 in nitrogen 

315<>C in air 

5 Compound of Example 2: 325 ^C in nitrogen 

305 «»C in air 
MD-1024: 290 «C in nitrogen 

290^C in air 

The above data show that the thermal stability of the 
10 bis (phenolic-amine) guinone compounds of the present 

invention is superior to that of the known phenolic— 

hydrazide compound MD-1024. 

The invention has been described in detail with 

particular reference to preferred embodiments thereof, 
15 but it will be understood that variations and 

modifications may be effected within the spirit and 

scope of the invention. 
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We claim: 

1. A compound having the formula: 



t 11 
• • 

A 



-NH- 



[-X-NH?! 



(I) 



J 2 



Wherein 

X is alkylene or cycloalkylene; and 
Y is a tertiary hydrocarbyl group having 
the formula 



wherein Z is alkyl or aryl. 



2. A compound according to Claim 1 having the formula 



II II 

■ • • 

A 



.C(CH3)3 



-NHCH2CH2NHftCH2CH2— ^ ^— OH 



•C(CH3)3 J 2 



3. A compound according to Claim 1 having the formula 



II II 
• « 



/C(CH3)3 



-NH- (Cai2 ) g-NHftCH2CH2— ^ ^—OH 



'C(CH3)3 J 2 



4* A polyolefin composition comprising an intimate 
mixture of 

(i) a normally-solid polymer of ethylene, propylene, a 
mixture of ethylene and propylene or polymers of 
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20 
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40 
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ethylene and an oe-olef In having 4 to 12 carbon 
atoms; and 
(ii) a compound having the formula: 



J 2 



^ '^jj-l— NH-X-NH& 

— • • 

6 

wherein 

X is alkylene or cycloalkylene; and 
Y is a tertiary hydrocarbyl group having 
the formula 



(I) 



wherein Z is alkyl or aryl. 

5. A composition according to Claim 4 wherein 
component (i) is polyethylene and the concentration of 
component (ii) is 0.1 to 1.0 weight percent based on the 
total weight of the composition. 

6. A coiuposition according to Claim 4 wherein 
coi^onent (ii) is a compound having the formula: 



» • 

II II 

6 



/C(CH3)^ 



.,-|-NHCH2CH2NHeCH,CH^-.f ^—OH 



2 \ 



» 

V 



C(CH3)3 J 



7. A composition according to Claim 4 wherein 
component (ii) is a compound having the formula 
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5 
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5 
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5 



5 



• « 

II II 

• • • 

h 



^NH-(CH2)g-NH8 



/C(CH3)3 

y 

'^C(CH3)3 



—OH 



J 2 



8. A coated article comprising a copper material 
bearing a coating of a polyolefin composition comprising 

(i) a normally-solid polymer of ethylene, propylene, a 
mixture of ethylene and propylene or polymers of 
ethyJLene and an a-olef in having 4 to 12 carbon 
atoms ; and 

(ii) a compound having the formula: 



6 



-OH 



(I) 



J 2 



wherein 

X is alkylene or cycloalkylene; and 
Y is a tertiary hydrocarbyl group having 
the formula 



wherein Z is alkyl or aryl. 
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